Introduction {#sec1-1}
============

Chronic oestrogen treatment is widely used in oral contraceptives (OC) and hormonal replacement therapy (HRT). One of the major concerns about its use is the possibility of producing thromboembolic events. Recent reports confirmed that users of currently available OC have over five times the risk of vein thrombosis compared to non-users and the risk can be higher during the first months of OC use.\[[@ref1]\] The thrombotic effects of oestrogens have been associated with high doses, which produce a higher rate of thrombosis-related cardiovascular complications.\[[@ref2]\] The usage of high oral doses even for a short period (i.e. emergency contraception) causes prompt effects on hepatic protein synthesis of coagulation factors, inducing significant alterations on blood coagulation.\[[@ref3]\] Oral and transdermal contraception produce similar adverse effects on vascular risk markers.\[[@ref4]\]

Hemostasis is a complex process that involves a balance of natural anticoagulants and procoagulant indicators.\[[@ref5]\] In the formation of a thrombus vasoconstriction of vessels, platelet and blood coagulation activation occurs. A complex communication exists between endothelial cells, circulating platelets and the coagulation/fibrinolitic system. Physiologic estrogen levels seem to maintain a balance but supraphysiologic estrogen levels (or pharmacological doses) can alter the coagulation system, inducing an imbalance between anticoagulant and procoagulant factors that could lead to a prothrombic stage, predisposing to thrombosis risk.\[[@ref6]\]

In the search of safe and efficacious new estrogensas therapeutic agents without thrombogenic risk, our group has been working on the biological activity characterization of 17β-aminoestrogens (AEs). These compounds *in vivo* and *in vitro* models produced estrogenic effects qualitatively similar to those of E~2~, but with a lower potency.\[[@ref7][@ref8]\] They decrease serum LH, increase uterine weight and behave similarly to E~2~ as facilitators of sexual behavior in female rats.\[[@ref7]--[@ref9]\] Their oestrogenic actions are related to their capability of activating transcription through ER α and ER β receptors, preferentially binding to the ER α receptor.\[[@ref8]\]

The AEs differ from E~2~ in their ability to affect blood-clotting times (BCT) in rodents. Acute and sub-acute administration of high doses of E~2~ or the 17β-aminoestrogen pentolame (AEP) produce opposite effects on BCT in rats and mice.\[[@ref10][@ref11]\] E~2~ shortens BCT, producing procoagulant effects, whereas AEP lengthens BCT producing anticoagulant effects.\[[@ref11]\] The AEP and other 17β-aminoestrogens exert anti-platelet activity, reducing thrombi formation in mice and showing their potential as alternative non-thrombogenicestrogens.\[[@ref12][@ref13]\]

Our experimental studies on the effects of oestrogens on blood coagulation have been mainly performed on male rats and mice. In some cases we have used ovariectomized (Ovx) animals, trying to eliminate the main source of oestrogens to avoid the female\'s cyclic hormonal activity. Previously we have reported gender intra and inter-species differences in some hemostatic coagulation markers in rats and mice (14). Ovariectomy in rodents is widely used to evaluate oestrogenic activity of any suspected estrogenic compound or to simulate clinical conditions such as menopause, where a decrease of oestrogen levels occurs. Ovariectomy itself provokes significant aPTT increases and FIB decreases compared with intact female rats.\[[@ref14]\]

The use of male and Ovx rats in hemostasis studies is a common practice; however, few experimental reports have been published analyzing gender differences. On the other hand, it has been demonstrated that gender is an important factor in the variability of the pharmacological response.\[[@ref15]\]

Considering the importance of this issue, the aim of this work was to study the effects of chronic treatment (CT) with E~2~ and AEP \[[Figure 1](#F1){ref-type="fig"}\] on males and Ovx Wistar rats using blood coagulation markers: prothrombin time (PT), activated partial thromboplastin time (aPTT), thrombin time (TT), and fibrinogen concentrations (FIB).

![Chemical Structures of oestradiol (E~2~) and the 17β-aminoestrogen pentolame (AEP)](IJPharm-44-749-g001){#F1}

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Materials {#sec3-1}

17β-estradiol (E~2~; 1,3,5(10)-estratrien-3,17-beta-diol) was obtained from Syntex (Mexico). Pentolame (AEP; 17β-(5-hydroxy-1-pentylamino)-1,3,5(10)-estratrien-3-ol) \[[Figure 1](#F1){ref-type="fig"}\], was synthesized from estrone: 3-hydroxy-1,3,5(10)-estratrien-17-one (Syntex, Mexico). Chemical purity of pentolame was established comparing its spectral (IR, NMR, MS) and chromatographic (HPLC and TLC) properties with that previously reported.\[[@ref10]\] All chemicals used were of the highest purity available from Baker Co. (Mexico).

### Animals {#sec3-2}

All experimental studies were conducted in accordance to the Mexican National Protection Laws of Animal Welfare (NOM-062-Z00-1999) and were bred in the animal housing facilities of the School of Medicine, UNAM. Adult Wistar male and female rats weighing 200 to 250g were used. Female Wistar rats were ovariectomized under chloral hydrate anesthesia before treatment. The animals were kept at a constant temperature (20-22°C) in a room with 12:12 h light-dark cycle and maintained on standard chow (Nutricubos, Purina) and water *ad libitum*.

### Experimental Design of Chronic Treatment {#sec3-3}

Twenty-one days after ovariectomy rats were distributed among groups according to the balanced Latin-square block design according to their body weight (5-6 animals per group in each experiment). Different groups of male and Ovx rats were administered with E~2~ (1, 10, 100 μg/kg), AEP (1, 10, 100, 500 μg/kg) or vehicle (propyleneglycol 1 ml/kg) for three months every third day. The experiment was carried out twice.

Blood collection: Animals were anesthetized with chloral hydrate (4% solution, 7 ml/kg) prior to blood withdrawal. Each animal was placed on its back on a cork surgery table and restrained with string fixed at the corners. Arterial blood was collected from the iliac bifurcation with a plastic syringe and disposable-gauge needles (21 × 32 mm), which provided hemolysis-free blood samples (4-7 ml). Blood was immediately drawn out into plastic tubes containing 0.11 M sodium citrate (1:9, v:v). The samples were gently mixed and centrifuged at 2500 *g* for 10 minutes at 4°C. Plasma samples were separated and stored at-70°C until processing.

Hemostatic parameters: The coagulation screening tests, prothrombin time (PT), activated partial thromboplastin time (aPTT), thrombin time (TT), and fibrinogen concentrations (FIB), were performed with modifications of the conventional clinical procedures described earlier.\[[@ref14]\] For all clotting tests, Dade^®^ Behring reagents were used and assayed according to instructions in the package insert. Reference curves and accuracy controls were set up using the corresponding control plasma of the manufacturer. PT, aPTT, and TT clotting times were recorded using a Behring Fibrintimer II (Dade^®^ Behring). Clot formation was the end point of the reactions and results are reported in seconds. PT determination was obtained using rabbit brain thromboplastin C plus (Dade^®^ Behring). Plasma samples (50 μl) were pipetted into cuvettes and then 100 μl of thromboplastin C plus were added to activate the reaction. aPTT was assessed using the Actin FS reagent (Dade^®^ Behring) containing purified soy phosphatides. Actin FS (100 μl) was added to plasma samples (50 μl). The mixture was incubated at 37°C for 120 s and 50 μl of 0.02 M CaCl~2~ (37°C) was added to activate the reaction. TT was determined using bovine thrombin (Dade^®^ Behring) at a concentration of 5 IU/ml. Plasma samples (50 μl) were treated with 50 μl of bovine thrombin to start the reaction. FIB concentration was evaluated in a mechanical fibrometer Fibrosystem Becton-Dickinson Mod 5-117V. Bovine thrombin (100 IU/ml; Dade^®^ Behring) was added to plasma samples (50 μl) to induce clot formation. The FIB concentration was obtained from a reference curve calibrated with human plasma fibrinogen and reported in milligrams per deciliter (mg/dl).

### Statistical Analysis {#sec3-4}

Statistical significance between a control group that received vehicle and the treated groups was assessed by analysis of variance (ANOVA). The statistical analysis was performed using the Sigma Stat 3.1 software. The significance of differences among groups was estimated by the Dunn\'s or Tukey\'s test as appropriate. Results were expressed in means ± standard error (S.E.M.). *P* \< 0.05 values were considered as the limit of significance. The differences related to the controls for all the hemostatic parameters were obtained by the relation: \[(Mean value treated group/Mean value control group) × 100\] -100. All experiments were performed twice and the samples of the evaluated parameters were assessed in triplicate (*n* = 12-18).

Results {#sec1-3}
=======

Chronic treatment (CT) of male and Ovx Wistar rats was performed every third day along three months with either E~2~ (1, 10, 100 μg/kg), AEP (1, 10, 100, 500 μg/kg), or vehicle (propyleneglycol 1 ml/kg) and the effects on their hemostatic parameters: PT, aPTT, TT, and FIB are shown in [Figure 2](#F2){ref-type="fig"}.

![Effects of chronic administration of E~2~ (1, 10, 100 μg/kg) and AEP (1, 10, 100 and 500 μg/kg) on PT, aPTT, TT, and FIB in male and Ovx Wistar rats. \**P* \< 0.05 vs. vehicle. Each point represents the mean ± S.E.M of 15-18 samples](IJPharm-44-749-g002){#F2}

E~2~ administration in males increased PT (7, 7, and 4%; *P* \< 0.05) and no significant changes were seen after AEP administration, whereas E~2~ and AEP in Ovx decreased PT (E~2~; 4%, 3%, 4%; *P* \< 0.05; AEP; 8%, 9%, 7%, 5%; *P* \< 0.05).

In male rats, E~2~ decreased aPTT (9%; 100μg/kg; *P* \< 0.05) and AEP increased it in a dose dependent manner (5, 9, 16%; 10, 100, 500 μg/kg; *P* \< 0.05). In Ovx animals, E~2~ did not induce significant changes on aPTT, whereas AEP increased aPTT significantly with the three highest doses (13%, 8%, 13%; *P* \< 0.05 respectively). E~2~ and AEP decreased TT in both male and Ovx. In males they decreased TT\~5% at their highest doses (*P* \< 0.05); In the Ovx rats, both steroids decreased TT in a dose dependent manner, E~2~ being more potent than AEP (E~2~ 12, 23, 27%; AEP 6, 7, 12 and 13%; *P* \< 0.05). E~2~ and AEP decreased FIB in both groups. On male rats the decrease in FIB was more pronounced (E~2~ 15, 18 and 16%; AEP 10, 10, 14, 11%; *P* \< 0.05) than that elicite d on Ovx animals (E~2~; 14, 10, (*P* \< 0.05); 3% (NS); AEP, 9%; (*P* \< 0.05), 5, 3, 2% (NS). E~2~ also showed more potency than AEP. In Ovx animals FIB decreased with both estrogens at their lowest doses however the effect was reverted by increasing the dosage.

Discussion {#sec1-4}
==========

Our results showed that CT of male and Ovx rats with E~2~ and AEP produced differential actions on blood coagulation markers.

Male rats chronically treated with E~2~ showed significant alterations of PT, aPTT, TT and FIB, showing the compound\'s influence on the intrinsic, extrinsic and common pathway of coagulation. aPTT and TT were less affected since only the highest doses induced significant but modest decreases in both parameters. In contrast, AEP in males did not modify PT at any assayed dose and induced opposite responses to those of E~2~ on aPTT. E~2~ showed a tendency to decrease aPTT while AEP produced a dose dependent increase of this parameter.

In Ovx both oestrogens decreased PT however, AEP decreased PT values twice as much as E~2~ at 10 μg/kg. This effect is opposite to that observed in male rats relative to its control values. The response of AEP was similar in both males and Ovx however, in Ovx the response was not dose dependent. E~2~ produced a more pronounced decrease of TT and FIB values compared to AEP suggesting that gender has an important influence in the response to oestrogens in blood coagulation markers.

The decreasing responses of FIB after treatment with E~2~ and AEP were more pronounced in males than in Ovx rats. We found basal FIB levels significantly lower (\~25%) in Ovx vs males. This data is in agreement with that reported by Oyekan and Botting\[[@ref16]\] and Emmes *et al*.,\[[@ref17][@ref18]\] however, the latter found that FIB values in males doubled those of female Wistar rats. The differences in our results could probably be explained by the hormonal status of the intact female animals, considering that our experiments used Ovx animals.

Gender differences have been observed in the hemostatic system of rats. Male and intact female rats have showed differences in thrombus formation related to oestrogen levels and have an influence on coagulation markers and platelet reactivity.\[[@ref17][@ref18]\] The highest thrombus formation is in the diestrus stage of the estrous cycle of female rats when estrogen levels are low. Thrombus deposition is higher in males compared to female rats,\[[@ref18]\] and E~2~ administration to both male and female rats reduced thrombus formation.\[[@ref18]\] On the other hand, rat gender differences in intravascular aggregation of platelets and the fibrinolytic pathway have been found.\[[@ref17]\] Male clot lysis time is longer and the fibrinogen levels and plasminogen activity is higher than in female rats.\[[@ref17]\]

A great number of clinical and experimental studies under physiological and pathological conditions have found gender related differences in the cardiovascular system.\[[@ref19]\] It is also well documented that gender differences play an important role in hemostasis and vascular reactivity.\[[@ref20]\] The therapeutic implications of the gender-specific aspects of cardiovascular disease have been revised. Gender-specific differences have been recognized to influence the pharmacological response (15). Clinical reports have also revealed gender response differences to pharmacological medications used to prevent and treat cardiovascular disease.\[[@ref21]\] Sex differences in drug responses have been related to genetic variations, hormonal status and differences in the pharmacokinetic and/or pharmacodynamic processes.\[[@ref15]\]

Effects of E~2~ and AEP administered to rats probably include genomic action mechanisms involving the activation of specific receptors that interact with co-regulatory proteins, which could stimulate or inhibit target transcription genes. Other pathways can be activated or inhibited since steroids also exert their effects acting at the membrane site level in a non-genomic mode, promoting or inhibiting other specific path signals.\[[@ref22]\] The response observed probably involved the steroids action on genomic and non genomic events over the complexity of the hemostatic system. The mechanism involved in the anticoagulant and anti-thrombic effect of the AEP probably implicates changes in the activation of the coagulation system and could also be due to its effects induced at the membrane site. It has been recently described that prolame a close structurally related AEP analogue induces NO production in endothelial cells that affects responsive platelets aggregation events where a non-genomic mechanism could be implicated.\[[@ref12][@ref13]\]

In the thrombus formation vasoconstriction of the vessels, platelet and blood coagulation activation are involved. A complex communication exists between endothelial cells and circulating platelets and the coagulation/fibrinolitic system (5). It has been demonstrated that the natural hormone 17β-oestradiol (E~2~) modulates the transcription of some blood coagulation gene factors (FVII and FXII).\[[@ref23]\] The human genome contains high affinity estrogen response elements (EREs) in genes belonging to the procoagulant and anticoagulant pathways (II, V VII, IX, X, XI, XII, protein S, protein Z and heparin cofactor II).\[[@ref24][@ref25]\] Hemostasis is a complex process that involves a balance of natural anticoagulants and procoagulant indicators.\[[@ref5]\] Physiologic oestrogen levels seem to maintain the balance but supraphysiologic oestrogen levels (or pharmacological doses) can alter the coagulation system, inducing an imbalance between anticoagulant and procoagulant factors that could lead to a prothrombic stage, that predispose to the thrombosis risk.\[[@ref6]\]

Our results showed response differences between the two assayed oestrogens within the same gender group and allowed us to infer that different pathways of the blood coagulation cascade could be affected by the dose and oestrogens nature on the same gender. CT of male and Ovx rats with E~2~ and AEP did not induce equivalent pharmacological responses in the blood coagulation system; rather they induced different effect profiles. Ovx animals used to study oestrogen responses on blood coagulation is a useful tool to avoid endogen oestrogens production however, Ovx and male animals are not equivalent in the hemostasis response.

This work suggests the need for further experimental studies focused on finding a gender-specific drug assessment. Drugs research must take into account gender response differences to allow a proper comparison between the pharmacological effects of oestrogens and hemostasis.
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